Objective To determine whether the imbalance in the sex ratio in India can be explained by less favourable treatment of girls in infancy. Design Analysis of results of verbal autopsy reports over a five year period. Setting Community health project in urban India. Main outcome measures Deaths from all causes in infants aged less than 1 year.
Introduction
Grave concern is being expressed by social scientists and health professionals about the adverse sex ratio in India. According to the 2001 Indian census there are only 933 females per 1000 males. 1 Ordinarily women outnumber men, possibly because the extra X chromosome they carry makes them less susceptible to infectious diseases and protects them against sex linked recessive disorders. 2 This inversion of the sex ratio in India suggests the existence of sex discrimination. The practice of antenatal selection and termination of female pregnancies has persisted, 3 despite the banning of sex determination tests under the Pre Natal Diagnostic Techniques Act (PNDT) 1994. 4 After birth mortality is also higher in female infants, girls, and young women. 5 Girls are 30-50% more likely than boys to die between their 1st and 5th birthdays. 6 Various studies have previously shown that compared with boys, female children are often brought to health facilities in more advanced stages of illness, are taken to less qualified doctors when they are ill, and have less money spent on medicines for them. 7 A study in Punjab showed that during the first two years of a child's life, parents spent 2.3 times more on health care for sons than for daughters. 8 In a community based study we looked at the causes of infant death in girls compared with in boys. If there is discrimination and neglect, there should be an increase in deaths in the neglected sex due to causes that would not be fatal with appropriate care, whereas death rate for diseases with grave prognosis would be equal in both the sexes.
Methods
For the past 20 years the community health department of St Stephen's Hospital has been providing comprehensive health care in three socioeconomically deprived areas of Delhi-Sunder Nagari, Tahirpur, and Amar Colony-with a combined population of about 64 000 people. These areas on the outskirts of the city are relocation settlements started 20 years ago. Most of the residents came to Delhi 25 years ago as migrant workers and were living in inner city slums before being relocated here by the government. 9 The average per capita income of a household in these areas is about 600 rupees per month (£8, $13, €11). Table 1 shows the data on crude birth rate in the area for the study period, with the average rate being 22.3 live births per 1000 population. The population is 66% Hindu and 34% Muslims, and the birth rates in the two communities are also shown in table 1.
The department has a multidisciplinary staff of about 40, consisting of doctors, public health nurse, auxiliary nurse midwives, and other health personnel. As the midwives have been working in the community for the past 7-10 years, their acceptability and rapport with the families is high. They provide health education and collect information on births, deaths, pregnancy, immunisation, and family planning. They record this information in family based folders and then in the registers of their respective areas. Finally the data are entered into the computerised management information system of the department that was established six years ago. Here we are analysing data for the five year period from January 1997 to December 2001.
Verbal autopsies are used for finding out the cause of each death. Every month the midwives discuss any cases with a visiting paediatrician from the hospital, and the probable cause of death is noted in the records. In cases where information seemed inadequate, the midwife or a doctor from the centre revisited the house to get more details. The record of deaths maintained by the midwives forms the basis of this study.
We examined the number of live born infants and infant deaths each year and grouped deaths by sex and analysed the causes of death. All cases of death of children reported as sudden and without any preceding illness were categorised as "unexplained deaths." We categorised cases in which the cause of death could not be ascertained-for example, when the family had moved out of the area-as "data not available."
We examined overall infant mortality (all deaths in children aged under 1 year per 1000 live births) for each of the five years under study and compared overall mortality and cause specific mortality by sex. Analysis was done with EPI-6 statistical software. Yates corrected 2 test was used for comparing the cause specific infant mortality among the two sexes. P < 0.05 was considered to be significant. We calculated odds ratios with corresponding confidence intervals for deaths from different causes by sex. Table 2 shows the numbers of live births and infant deaths by sex. There were 7012 live births, 3752 boys and 3260 girls. The sex ratio at birth in the area was 869 girls:1000 boys. There were 442 deaths in children under the age of 1 year, 234 girls (53%) and 208 boys (47%). The average mortality for the period was 63 per 1000 live births. The figure shows the infant mortality each year for the two sexes. The mean mortality for girls was 1.3 times that of the boys (72 v 55 per 1000).
Results
The most common causes of death were diarrhoea (21.5%), birth asphyxia (14%), immaturity (12.4%), acute respiratory infection (10.9%), and unexplained deaths (10%) (table 3). Fourteen deaths were classified under other causes. There was significant difference in mortality between girls and boys for diarrhoea and unexplained deaths (table 3, P < 0.05). There was no significant difference in deaths due to less preventable and less treatable conditions like birth asphyxia, immaturity, septicaemia, and congenital anomalies. The largest difference between the two sexes was for unexplained death. Here the mortality in female infants was more than three times that in male infants. Half of the deaths (22/44) in this group occurred in the first month of life. Nineteen of the 22 deaths due to unexplained causes in neonates were among females.
For diarrhoeal diseases the cause specific mortality in female infants was twice that in male infants. For congenital anomalies and birth asphyxia it was higher Infant mortality by year in study area in male than in female infants, though not significantly so.
We also looked at the cause specific mortality in Hindu and Muslim communities (table 4). The average monthly per capita income was 679 rupees in Hindus and 423 rupees in Muslims. There was no significant difference in the cause specific mortality in the two communities for preventable and treatable causes or less preventable causes. Table 5 shows the mean per capita income of the families in which infant deaths were attributable to various causes. The mean per capita income of families in which infants had died from diarrhoea was the lowest at 409 rupees, and in families in which the deaths were unexplained was the highest at 537 rupees.
Discussion

Infant mortality in girls
We have shown that in India there are many cases in which death of a child is sudden, with no preceding history of illness. These deaths were classified as unexplained deaths, and most were in girls. Mortality in female infants was 1.3 times higher than in male infants. Discrimination, which may lead to increased mortality among female children, has been the subject of many previous studies. The World Health Organization has reported that the sex disparities in health and education are higher in South Asia, including India, than anywhere else in the world. 6 The principal causes of infant mortality in India are low birth weight, birth injury, diarrhoeal diseases, and acute respiratory infection. 10 In our study 22% of deaths were attributed to diarrhoea, 14% to birth asphyxia, 12% to immaturity, and 11% to respiratory infection. The numbers of male and female infants dying of birth asphyxia, septicaemia, immaturity, and congenital anomalies were matched and not significantly different. However for the preventable and treatable illness of diarrhoea, there were twice as many deaths among girls compared with boys.
Verbal autopsy is a standard, well documented, and validated method of finding cause of death in a developing country like India. [11] [12] [13] Due to paucity of resources, the cause of every death occurring outside a hospital or medical centre cannot be certified after a postmortem examination. The sample registration system of India also depends on verbal autopsy to classify deaths by cause, particularly in rural areas. 14 In our study, the information collected by the auxiliary nurse midwives was scrutinised during monthly meetings with the paediatrician before the cause of death was agreed. Most data were collected within one month of the date of death, so that the period was not too long to influence recall.
For decades international public health efforts have been largely directed at reducing infant and child mortality. Worldwide a staggering 8.4 million children die each year before the age of 1 year. 15 According to the United Nations, the global infant mortality declined from 93 per 1000 in 1970-5 to 51 per 1000 in 2000. However the rate in the least developed countries is almost 10 times higher than in the more developed countries, at 89 versus 9 per 1000 live births. 16 Infant mortality in India is 68 per 1000 live births 17 and was 63 per 1000 live births in our study area.
Unexplained deaths
In our group of unexplained deaths, parents were not able to give a satisfactory explanation for death or give a history of any illness like cough, fever, or diarrhoea on the day before death. Most deaths in this group were in female infants-three times more than that in boys (33 v 11)-and most occurred soon after birth. Could such deaths be an extension into the early neonatal period of female feticide?
The mean per capita income of families in which infants died of unexplained causes was higher than families in which infants dies from diarrhoeal diseases. Therefore it seems that any sex discrimination cannot be explained by extreme poverty. This has also been shown in a previous study. Booth et al found that fetal sex determination was more common among families with higher incomes. 18 The sex ratio in different states of India also bears testimony to this trend. The state of Punjab, which has one of the highest per capita incomes in India (19 001-22 000 rupees per year) has one of the lowest sex ratios in the country (874 females:1000 males), while poor states like Bihar and Orissa (4001-7000 rupees per capita income) have sex ratios of 921 and 972 females per 1000 males, respectively.
1
As this was a retrospective study we could not look at the circumstances surrounding these unexplained deaths. It would be interesting to know if there was more malnutrition and a shorter duration of breast feeding in children who died from unexplained causes. Further community based prospective studies are needed to examine these issues. Though the 1994 act attempted to alter the adverse sex ratio by banning sex determination tests, this cannot change the attitudes of people towards female infants. Improved access to health care and education of health professionals to pay attention to girls would be beneficial. 
What is already known on this topic
There are more men than women in India Sex discrimination and bias in favour of male children results in selective termination of female pregnancies
Mortality is high in female infants, girls, and young women
What this study adds
There is an excess of female deaths due to easily treatable conditions
There are a large number of unexplained female deaths, which may be considered as deaths under suspicious circumstances
